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Description 



FEATURE DIMENSION DEVIATION 
CORRECTION SYSTEM, METHOD AND 
PROGRAM PRODUCT 

Background of Invention 

[0001] The present invention relates generally to semiconductor 
processing tools, and more particularly, to a feature di- 
mension deviation correction system, method and pro- 
gram product. 

[0002] The use of feedback controllers in semiconductor pro- 
cessing has long been established in the fabrication of 
semiconductor integrated circuits by semiconductor man- 
ufacturing facilities. Until recently, wafers were treated as 
a batch or a lot and the same processing was performed 
on each of the wafers in the lot. The size of the lot varies 
depending on the manufacturing practices of the facility, 
but is typically limited to a maximum of twenty-five 
wafers. Measurements are routinely made on a few wafers 
in the lot after processing and adjustments made to the 



next lot to be processed based on these sample measure- 
ments. This method of control based on sample measure- 
ments on the lot and process recipe adjustments for the 
following lots is called lot-to-lot control (L2L). The pro- 
cess models and information necessary to modify the pro- 
cess recipes for L2L control are stored, and the computa- 
tions are performed at the facility level. 
[0003] Recently manufacturers of semiconductor processing 

equipment (SPE) have included the ability to measure each 
wafer immediately before and after the processing is per- 
formed. In particular, processing chambers are provided 
with integrated metrology tools such as those that imple- 
ment scatterometry. Hence, the capability to measure 
each wafer on the same tool used for processing is called 
integrated metrology (IM). IM, in turn, allows measure- 
ment and feedforward or feedback adjustments at the 
wafer-to- wafer (W2W) level, or after the lot completes 
(i.e., L2L), or some variation in updating between W2W 
and L2L control. Conventional approaches, however, suf- 
fer from a number of drawbacks. First, current IM tools 
are typically optically-based, e.g., scatterometry-based, 
tools can be sensitive to deviations in underlying film 
thicknesses, which can change over time, between and 



within lots, and even across a wafer. 
[0004] Second, conventional approaches assume any deviation 
from a target dimension is based on the process or pro- 
cessing tool that generates the feature. That is, conven- 
tional approaches assume measurements and measure- 
ment calibrations are correct, and do not determine the 
origin of any deviation of a feature's dimension from a 
target dimension. As a result, adjustments are typically 
applied only to the process tool that generated the fea- 
ture, and upstream errors that are not detected by the 
pre-process IM tools are overlooked. In addition, calibra- 
tion traditionally has been applied to external standard 
reference metrology measurement equipment, not IM 
tools. This type of calibration is static and does not com- 
pensate for drifts in IM tools, or in deviations of optical, 
physical or electrical properties between wafers and lots 
that may occur during processing and influence the IM 
measurement. For instance, US Patent No. 6625497 to 
Fairbarn et al. provides a processing module with inte- 
grated feedback and feed-forward metrology, but which 
uses a static measurement calibration, performed once 
prior to usage. 

[0005] In reality, it is important to separate process equipment 



deviations, wafer state properties deviations and metrol- 
ogy deviations so tliat tlie correct adjustment can be 
made. Deviations in incoming wafer state can come from 
product differences, material changes, previous process 
equipment deviations in processing, and across wafer 
uniformity changes. Changes in wafer state can directly 
impact the result of a static process, or the process itself 
can vary. Metrology deviations might come from hardware 
replacement or differences between metrology tools. Cur- 
rent methods of feed forward and feedback L2L and W2W 
control make adjustments for processing deviations only, 
without separating the process equipment deviations, 
wafer state properties deviations and the metrology devi- 
ations. 

[0006] Conventional methods have also not adjusted and im- 
proved to accommodate the advent of new optical IM 
techniques. Critical dimension (CD) scanning electron mi- 
croscopy (SEM) measurements, primarily sensitive to the 
surface of a substrate, are a fundamentally different type 
of measurement method from the optical integrated 
metrology (IM), which can sense underlying materials as 
well. Although it is difficult to use the slow CDSEM 
metrology measurement for wafer-to-wafer control, us- 



age of these tools may allow valuable information to be 
used by tlie IIVI to improve the accuracy and confidence of 
the measurements, even while the CDSEM measurements 
are only taken on a sample bases. 
[0007] In addition to IM, processing tools used in the semicon- 
ductor industry, in general, have become complex pro- 
cessing systems including a number of process modules 
and integrated control systems. However, efficient usage 
of these features for tailored control and optimization of 
segments of the process sequence on a lot-to-lot basis 
and on a wafer- to- wafer basis has not been fully 
achieved. In particular, because of the high volume of data 
collected and short period of time between the measure- 
ments and subsequent processing of the wafer, it is nec- 
essary to provide the ability to perform wafer- to- wafer 
(W2W) control at the tool rather than at the facility level. 
Yet, this ability has not been implemented. For example, 
as noted above, feedback corrections are generally ap- 
plied on a L2L basis with wafers within the lot all receiving 
the same correction. Since upstream process variations 
can be caused by the lack of tool-to-tool or module- 
to-module matching, reticle differences, chemical batch 
changes and simple process drifts, the feedback correc- 



tion of incoming lots from a defined thread of tools is of- 
ten set to equal to an Exponentially Weighted Moving Av- 
erage (EWMA) of the lot deviation. Unfortunately, it can be 
difficult to track and control these threads of tools. With 
W2W measurements, an EWMA-based feedback is no 
longer optimum. Another shortcoming of current IM pro- 
cessing tools is that they have not been integrated with 
facility processing systems, which control multiple pro- 
cessing tools, measurement tools and control systems 
within the overall facility. 
[0008] In view of the foregoing, there is a need in the art for a 
way to address the problems of the related art. 
Summary of Invention 

[0009] The invention includes a system, method and program 

product for correcting a deviation of a dimension of a fea- 
ture from a target in a semiconductor process. The inven- 
tion determines an origin of a deviation in a feature di- 
mension from a target dimension regardless of whether it 
is based on processing or metrology. Adjustments for 
wafer processing variation of previous process tools can 
be fed forward, and adjustments for the process and/or 
integrated metrology tools may be fed back automatically 
during the processing of semiconductor wafers. The in- 



vention implements process reference wafers to deter- 
mine tlie origin in one mode, and measurement reference 
wafers to determine the origin of deviations in anotlier 
mode. The invention addresses, inter alia, the problems of 
the related art. 

[0010] A first aspect is directed to a method for correcting a de- 
viation of a dimension of a feature from a target in a 
semiconductor process, the method comprising the steps 
of: first measuring the feature prior to conducting a pro- 
cess relative to the feature to obtain an incoming feature 
dimension; conducting the process based on a process 
model; second measuring the feature after conducting the 
process to obtain an outgoing feature dimension; deter- 
mining an origin of any deviation of the outgoing feature 
dimension from a target structure dimension; and adjust- 
ing, according to the origin, at least one of the measuring 
steps and the process conducting step to correct for any 
deviation. 

[001 1] A second aspect of the invention is directed to a system 
for correcting a deviation of a dimension of a feature from 
a target in a semiconductor process, the system compris- 
ing: means for first measuring the feature prior to con- 
ducting a process relative to the feature to obtain an in- 



coming feature dimension; means for conducting the pro- 
cess based on a process model; means for second mea- 
suring tlie feature after conducting tlie process to obtain 
an outgoing feature dimension; means for determining an 
origin of any deviation of tlie outgoing feature dimension 
from a target structure dimension; and means for adjust- 
ing, according to the origin, at least one of the measuring 
means and the process conducting means to correct for 
any deviation. 

[0012] A third aspect of the invention provides a computer pro- 
gram product comprising a computer useable medium 
having computer readable program code embodied 
therein for correcting a deviation of a dimension of a fea- 
ture from a target in a semiconductor process, the pro- 
gram product comprising: program code configured to 
control means for first measuring the feature prior to 
conducting a process relative to the feature to obtain an 
incoming feature dimension; program code configured to 
control a processing tool that conducts the process based 
on a process model; program code configured to control 
means for second measuring the feature after conducting 
the process to obtain an outgoing feature dimension; pro- 
gram code configured to determine an origin of any devi- 



ation of the outgoing feature dimension from a target 
structure dimension; and program code configured to 
generate an adjustment, according to tlie origin, for at 
least one of tlie measuring means and tlie processing tool 
to correct for any deviation. 
[0013] The foregoing and other features of the invention will be 
apparent from the following more particular description of 
embodiments of the invention. 
Brief Description of Drawings 

[0014] The embodiments of this invention will be described in 

detail, with reference to the following figures, wherein like 
designations denote like elements, and wherein: 

[0015] FIG. 1 shows an illustrative block diagram of a wafer pro- 
cessing environment in accordance with an embodiment 
of the present invention. 

[0016] FIG. 2 shows a simplified block diagram of a correction 
system in accordance with an embodiment of the present 
invention. 

[0017] FIG. 3 shows a flow diagram of operational methodology 

of the system of FIG. 2. 
[0018] FIG. 4 shows an illustrative block diagram of a deviation 

origin determinator in accordance with an embodiment of 

the present invention. 



[0019] FIG. 5 shows a flow diagram of operational methodology 
of a first mode of a deviation origin determinator of FIG. 
2. 

[0020] FIG. 6 shows a flow diagram of operational methodology 
of a second mode of a deviation origin determinator of 
FIG. 2. 

[0021] FIG. 7 shows a flow diagram of operational methodology 
of a third mode of a deviation origin determinator of FIG. 
2. 

Detailed Description 

[0022] For purposes of clarity only, the description includes the 
following sub-titles: I. Definitions; II. Processing System 
Environment; III. Correction System Overview; IV. Opera- 
tional Methodology; V. Determination of Deviation Origin; 
VI. Miscellany; and VII. Conclusion. 

[0023] I. Definitions 

[0024] As used herein, the following terms have the following 

meanings: "Feature dimension" is a single dimension such 
as a critical dimension (CD), or many dimensions that de- 
scribe a complete profile of a structure on a wafer, at a 
pre-processing stage. For example, the feature dimension 
can include several dimensions, limits and ranges for op- 



eration. A feature dimension can be an actual structure to 
be included in a chip or, more typically, a processing 
structure such as a photoresist that when processed re- 
sults in another desired structure. 
[0025] "Target structure dimension" is a single desired dimension 
of a structure of the wafer such as a critical dimension 
(CD), or many desired dimensions that describe a com- 
plete profile of a structure on a wafer, after a particular 
processing is complete. For example, the target dimen- 
sion can include several dimensions, limits and ranges for 
operation. A target dimension is typically of an actual 
structure to be included in the chip, but, in some circum- 
stances, could be a processing structure such as a pho- 
toresist. 

[0026] "Incoming feature dimension" is a feature dimension as 
measured by a pre-processing integrated metrology tool, 
e.g., a photoresist feature. During the process that fol- 
lows, the feature will be affected by dimension-changing 
process activities. 

[0027] "Masking feature dimension" is a feature dimension that 
the process requires to generate the target dimension de- 
spite the dimension-changing actions of the process. In 
operation, the masking feature dimension should "coordi- 



nate" with the incoming feature dimension, meaning that 
the incoming feature dimension is sized such that any di- 
mension-changing activities of the process that affects 
the dimension will be accommodated, i.e., a correction 
will be fed back for the incoming feature to be re-sized to 
accommodate the effects of the process. For example, if 
the process is known to result in a 2 nm discrepancy in a 
mask, an incoming mask feature should re-sized by 2 nm 
appropriately such that its incoming feature dimension is 
different by 2 nm. 

[0028] "Outgoing structure dimension" is a single desired dimen- 
sion of a structure of the wafer such as a critical dimen- 
sion (CD), or many desired dimensions that describe a 
complete profile of a structure on a wafer, as measured by 
a post-processing integrated metrology tool. 

[0029] II. Processing System Environment: 

[0030] FIG. 1 shows an illustrative block diagram of a processing 
system environment 10 in accordance with an embodi- 
ment of the present invention. It should be recognized 
that while a particular environment will be described, the 
teachings of the invention are applicable to a variety of 
different environments. In the illustrated embodiment, a 
processing tool 12 is provided, and a controller 14 is cou- 



pled to processing tool 12. A facility equipment control 
system (FECS) 16 is coupled to controller 14. Processing 
tool 12 includes at least one process chamber 18 and at 
least one integrated metrology tool. In the illustration, 
processing tool 12 includes a before-processing inte- 
grated metrology tool (BPIM) 20 and an after-processing 
integrated metrology tool (APIM) 22. Where only a single 
IM is provided, pre-process and post-process measure- 
ments can be obtained by the same tool. Currently IMs are 
typically optically (scatterometry) based tools. However, 
IMs 20, 22 may be any know known or later developed 
measurement tools. It should also be recognized that 
while BPIM 20 and APIM 22 are illustrated as integrated 
metrology tools, the invention may be applied where at 
lease one of these tools is a standalone metrology tool. 
[0031] Some setup and/or configuration information can be ob- 
tained by processing tool 12 and/or controller 14 from 
FECS 16. Factory level business rules can be used to es- 
tablish a control hierarchy. For example, processing tool 
12 and/or controller 14 can operate independently, or can 
be controlled to some degree by FECS 16. In addition, fac- 
tory level business rules can be used to determine when a 
process is paused and/or stopped, and what is done when 



a process is paused and/or stopped. In addition, factory 
level business rules can be used to determine when to 
change a process and how to change the process. As is 
conventional, business rules can be used to specify the 
action taken for normal processing and the actions taken 
on exceptional conditions. Graphical user interfaces (GUI) 
screens can be used for defining and maintaining the 
business rules. Actions other than business rules can in- 
clude, for example: initial model loading, pre-etch 
metrology data filtering, controller recipe selection, post- 
etch metrology data filtering, feedback calculation, a 
model update, etc. 
[0032] PEGS 16 can monitor some environment 10 processes us- 
ing data reported from databases (not shown) associated 
with processing tool 12 and/or controller 14. Factory level 
business rules can be used to determine which processes 
are monitored and which data is used. For example, pro- 
cessing tool 12 and/or controller 14 can independently 
collect data, or data can be collected by FEGS 16. In addi- 
tion, factory level business rules can be used to determine 
how to manage the data when a process is changed, 
paused, and/or stopped. In addition, FECS 16 can provide 
run-time configuration information to processing tool 12 



and/or controller 14. For example, automated process 
control (APC) settings, targets, limits, rules, and algo- 
rithms can be downloaded from FECS 16 to processing 
tool 12 and/or controller 14 as an "APC recipe, "an "APC 
system rule, "and "APC recipe parameters"at run-time. 
[0033] Some setup and/or configuration information can be de- 
termined by processing tool 12 and/or controller 14 when 
they are initially configured by the system. System level 
business rules (system rules) can be used to establish a 
control hierarchy. For example, processing tool 12 and/or 
controller 14 can operate independently, or processing 
tool 12 can be controlled to some degree by controller 14. 
In addition, system rules can be used to determine when a 
process is paused and/or stopped, and what is done when 
a process is paused and/or stopped. In addition, system 
rules can be used to determine when to change a process 
and how to change the process. Furthermore, controller 
14 can use tool level rules to control some tool level oper- 
ations. 

[0034] Processing tool 12 and/or controller 14 can exchange in- 
formation with FECS 16. In addition, FECS 16 can send 
command and/or override information to processing tool 
12 and/or controller 14. For example, FECS 16 can feed- 



forward to processing tool 12 and/or controller 14 down- 
loadable recipes for any number of process modules, 
tools, and measuring devices, with variable parameters for 
each recipe. Variable parameters can include final critical 
dimension (CD) targets, limits, offsets, and variables in 
the tool level system that needs to be adjustable by lot. In 
addition, factory lithography CD metrology data can be 
fed-forward to controller 14. Furthermore, FECS 16 can be 
used to provide measurement data, such as CD SEM infor- 
mation, to controller 14. Alternatively, the CD SEM infor- 
mation can be provided manually. 
[0035] In FIG. 1, one processing tool 12, and one controller 14 
are shown, but this configuration is not required for the 
invention. Environment 10 can comprise any number of 
processing tools having any number of controllers associ- 
ated with them in addition to independent process tools 
and modules. Processing tool 12 and/or controller 14 can 
be used to configure any number of included sub- 
components associated with them in addition to any num- 
ber of independent process tools and modules. For exam- 
ple, processing tool 12 can include any number of sub- 
components such as an etch module, a deposition mod- 
ule, a polishing module, a coating module, a developing 



module, a thermal treatment module, etc. Processing tool 
12 and/or controller 14 can collect, provide, process, 
store, and display data from processes involving process- 
ing tools, processing subsystems, process modules, and 
sensors. Alternatively, controller 14 can support other 
processing tools, and include additional controllers such 
as a run-to-run (R2R) controller, a feed-forward (FF) con- 
troller, process model controller, feedback (FB) controller, 
a process controller, a measurement adjuster or a combi- 
nation of two or more thereof. 
[0036] Processing tool 12 also includes links 26, 28 for coupling 
to at least one other processing tool and/or controller 
(not shown). For example, other processing tools and/or 
controllers can be associated with a process that has been 
performed before processing tool 12, and/or other con- 
trollers can be associated with a process that is performed 
after this processing tool 12. Link 26 and link 28 can be 
used to feed forward and/or feed back information. For 
example, feed forward information can comprise data as- 
sociated with an in-coming wafer. This data may include, 
for example, lot data, batch data, run data, composition 
data, and wafer history data. Processing tool 12 operates 
under instructions from controller 14. 



[0037] Controller 14 includes a process model 34 that instructs 
processing tool 12 how to conduct a particular process. A 
"process model" may be any equation that relates a de- 
sired change to a recipe parameter(s) of the processing 
needed to achieve the target structure dimension from a 
feature dimension. A process model can be, for example, 
a simple linear equation with one input and one output, 
i.e., a single input, single output (SISO), or a complex 
mathematical model using many inputs and creating many 
outputs, i.e., multi input, multi output (MIMO). For an ex- 
ample of a critical dimension (CD) control system, a pro- 
cess model converts a trim amount to a process recipe 
parameter set (for processing tool 12) to achieve that trim 
amount. A "recipe parameter" to processing tool 12 can 
be any instruction that processing tool 12 can implement, 
e.g., a pressure, process time, gas composition, tempera- 
ture, flow of a single gas in a complex composition, etc. A 
process model adjustment 36 may also be available at 
controller 14, as will be described in greater detail below. 

[0038] Controller 14 also includes a measurement model 38 that 
instructs processing tool 12, and in particular, BPIM 20 
and/or APIM 22, how to conduct a measurement. For ex- 
ample, a photoresist feature may be measured by an inte- 



grated metrology tool, i.e., by BPIM 20, which collects raw 
data and turns that raw data into an incoming feature di- 
mension based on measurement model 38. This 'measure- 
ment process' is inherently very different from the process 
that takes the incoming feature (resist) dimension and 
transfers it into an underlying material. The edges sensed 
by the metrology may or may not coincide exactly with the 
feature edges and dimensions relevant for the process 
and pattern transfer. Therefore, the incoming feature di- 
mension as measured by the 'measurement process' may 
not actually result in a masking feature dimension of the 
same size when acted upon by the process used to trans- 
fer the pattern. For instance, a measurement problem 
could cause a difference between "measured" and "mask- 
ing" feature dimensions. Alternatively, changes in wafer 
state can directly impact the CD determined by measure- 
ment (such as when the measurement is impacted by a 
change in edge slope or change in underlying material) 
and can thus cause a difference between the measured 
(incoming) feature dimension and the masking feature di- 
mension. As will be described below, the invention can 
detect this difference and correct for this difference. Devi- 
ations in an outgoing structure dimension are correctly 



attributed to the difference between measured (incoming) 
feature dimension and masking feature dimension wlien 
tliis is tlie origin, and deviations are correctly attributed to 
process deviations when the process is the origin. A mea- 
surement model adjustment 40 is available in controller 
14, as will be described in further detail below. 
[0039] Controller 14 can also include links 30, 32 for coupling to 
at least one other controller. For example, other con- 
trollers can be associated with a process that has been 
performed before this process, and/or other controllers 
can be associated with a process that is performed after 
this process. Links 30, 32 can be used to feed forward 
and/or feed back information. For example, controller 14 
can use the difference between a measured critical di- 
mension (hereinafter "CD") of the incoming material (input 
state) and a target critical dimension (desired state) to 
predict, select, or calculate a set of process parameters to 
achieve a desired process result that is changing the state 
of the wafer from the input state to the desired state. For 
example, this predicted set of process parameters can be 
a first estimate of a recipe to use based on an input state 
and a desired state. In one embodiment, data such the in- 
put state and/or the desired state data can be obtained 



from a host. In one case, controller 14 knows the input 
state and a model equation for the desired state for the 
wafer, and the controller determines a set of recipes that 
can be performed on the wafer to change the wafer from 
the input state to a processed state. For example, the set 
of recipes can describe a multi-step process involving a 
set of process modules. 

[0040] Controller 14 can compute a predicted state for the wafer 
based on the input state, the process characteristics, and 
a process model. For example, a trim rate model can be 
used along with a processing time to compute a predicted 
trim amount. Alternately, an etch rate model can be used 
along with a processing time to compute an etch depth, 
and a deposition rate model can be used along with a 
processing time to compute a deposition thickness. In ad- 
dition, models can include SPC charts, PLS models, PCA 
models. Fitness Distance Correlation (FDC) models, and 
Multivariate Analysis (MVA) models. 

[0041] Environment 10 can also comprise an ARC system such as 
that available from Tokyo Electron Ltd. that can include a 
Unity Tool®, Telius®Tool, and/or a Trias® Tool and their 
associated processing subsystems and process modules. 
In addition, environment 10 can comprise a run-to-run 



(R2R) controller, such as the lngenio®TL ES server from 
TEL, and an integrated metrology module (IMM) from TEL. 
Environment 10 may also include module related mea- 
surement devices, tool-related measurement devices, and 
external measurement devices. For example, data can be 
obtained from sensors coupled to one or more process 
modules and sensors coupled to processing tool 12. In 
addition, data can be obtained from an external device 
such as a scanning electron microscope (SEM) tool and an 
Optical Digital Profiling (ODP) tool. An ODP tool is avail- 
able for Timbre Technologies Inc. (a TEL company) that 
provides a patented technique for measuring the profile of 
a feature in a semiconductor device. For example, ODP 
techniques can be used to obtain critical dimension (CD) 
information, feature profile information, or via profile in- 
formation. 
[0042] III, Correction System Overview: 

[0043] Turning to FIG. 2, a block diagram of a correction system 
100 in accordance with the invention is shown. Correction 
system 100 includes a memory 112, a processing unit (PU) 
114, input/output devices (I/O) 116 and a bus 118. A 
database 120 may also be provided for storage of data 
relative to processing tasks. Memory 112 includes a pro- 



gram product 122 that, when executed by PU 114, com- 
prises various functional capabilities described in further 
detail below. Memory 112 (and database 120) may com- 
prise any known type of data storage system and/or 
transmission media, including magnetic media, optical 
media, random access memory (RAM), read only memory 
(ROM), a data object, etc. Moreover, memory 112 (and 
database 120) may reside at a single physical location 
comprising one or more types of data storage, or be dis- 
tributed across a plurality of physical systems. PU 114 
may likewise comprise a single processing unit, or a plu- 
rality of processing units distributed across one or more 
locations. I/O 116 may comprise any known type of in- 
put/output device including a network system, modem, 
keyboard, mouse, scanner, voice recognition system, CRT, 
printer, disc drives, etc. Additional components, such as 
cache memory, communication systems, system software, 
etc., may also be incorporated into system 100. 
[0044] As shown in FIG. 2, program product 122 may include a 
first measurer 140, a measurement adjuster 142, a com- 
parator 144, a feed forward controller 146, a second mea- 
surer 148, a deviation origin determinator 150, a devia- 
tion adjuster 152 and other system components 154. 



Other system components 154 include any functionality 
necessary for carrying out the teachings of the invention 
not expressly describe herein. The function of the other 
components will become apparent in the description that 
follows. 

[0045] While correction system 100 has been illustrated as a sep- 
arate system apart from the other parts of environment 10 
(FIG. 1), e.g., processing tool 12, controller 14, FECS 16, it 
should be recognized that components of correction sys- 
tem 100 can be located in practically any of the above- 
mentioned environment 10 parts. In addition, parts of 
correction system 100 can be implemented in one of the 
parts or a combination of the parts of environment 10. 
Accordingly, the invention should not be limited to any 
particular physical location. 

[0046] IV. Operational Methodology 

[0047] The invention will be described relative to the above- 
described compartmentalization in which designated 
components carry out stated functions. It should be rec- 
ognized, however, that the functions described may be 
performed by any component of environment 10 (FIG. 1) 
and that the particular component-function designations 
are for description purposes only. 



[0048] Referring to FIG. 3, a flow diagram of one embodiment of 
an operational method of the invention will now be de- 
scribed as a wafer moving through environment 10 (FIG. 
1). Description will be made relative to FIG. 3 in conjunc- 
tion with FIGS. 1 and 2. 

[0049] In a first step SI, a target structure dimension (TSD) is 

provided for a feature of a wafer. TSD may be provided in 
any now known or later developed fashion. For example, 
TSD may be input by a user using a GUI of processing tool 
12, controller 14 and/or FECS 16 (FIG. 1). 

[0050] Next, a wafer coming into processing tool 12 (FIG. 1) is 
first placed on in an integrated metrology (IM) tool. IM 
tool may be BPIM 20 where two IM tools or provided or a 
single IM tool of processing tool 12 where only one is 
provided. Only the embodiment where two IM tools are 
provided will be described hereafter. In second step S2, a 
first measurement of a desired feature of the wafer is 
conducted by BPIM 20 prior to conducting a process (step 
S4) relative to the feature to obtain an incoming feature 
dimension. BPIM 20 is controlled by a first measurer 140, 
which may be provided as part of correction system 100, 
or as a part of BPIM 20 that interacts with the rest of cor- 
rection system 100. Step S2 may also include conversion 



of the raw data measured by first measurer 140 to estab- 
lish an incoming feature dimension. 
[0051] Step S2 may also include a measurement adjuster 142 
making adjustments to the measured incoming feature 
dimension to address at least one of: any calibration ad- 
justments necessary on BPIM 20 hardware and any exter- 
nal reference system, and incoming wafer state deviations 
that are not addressed by first measurer 140. The adjust- 
ments may be permanent, e.g., for calibration adjust- 
ments, or temporary, e.g., for incoming wafer state devia- 
tions. 

[0052] In step S3, the incoming feature dimension, possibly ad- 
justed, is compared to the target structure dimension by 
comparator 144, producing an output that indicates any 
deviation. For example, for a CD control system, com- 
parator 144 conducts a simple subtraction from incoming 
CD from a target final CD (target structure dimension). A 
deviation indicates that a state change is required on the 
wafer to produce the target structure dimension. Any re- 
quired change is fed forward by feed forward controller 
146 to processing tool 12 as a process model adjustment 
36 (FIG. 1). As will be described in more detail relative to 
step S4, a process model 34 (FIG. 1) is implemented that 



includes a process recipe setting needed to acliieve tlie 
structure liaving tlie target structure dimension. A process 
model adjustment 36 indicates how to adjust a process 
model 34 to address a deviation. 
[0053] In step S4, a process is conducted on the wafer at pro- 
cessing tool 12 to achieve the structure having the target 
structure dimension under control of controller 14. In one 
embodiment, this step includes implementing a process 
model 34 (FIG. 1) that includes a process recipe setting 
needed to achieve the structure having the target struc- 
ture dimension. Any change in the incoming feature di- 
mension required is fed forward by feed forward con- 
troller 146, and is used to modify the process. As noted 
above, a process model 34 (FIG. 1) can be, for example, a 
simple linear equation with one input and one output, i.e., 
a single input, single output (SISO), or a complex mathe- 
matical model using many inputs and creating many out- 
puts, i.e., multi input, multi output (MIMO). For an exam- 
ple of a CD control system, a process model converts a 
desired trim amount to a process recipe setting, i.e., pro- 
cess parameters. Step S4 may also include controller 14 
(FIG. 1) forwarding a process model 34 that instructs pro- 
cessing tool 12 how to conduct a particular process, and a 



process model adjustment 36 that indicates iiow to adjust 
a process model 34 when necessary for reasons that will 
become apparent below. An adjustment in the recipe set- 
ting as determined by process model 34 that is fed for- 
ward (based on the incoming feature dimension measure- 
ment at step S3) to produce the desired target structure 
dimension can be on a wafer- to- wafer time cycle or held 
constant for a complete lot. In addition, if an error is mea- 
sured later in the outgoing feature dimension and the ori- 
gin is attributed to the process, then process model 34 
(FIG. 1) can be adjusted to address this problem, as will 
become apparent below. 
[0054] In step S5, a second measurement of the feature is con- 
ducted by APIM 22 (FIGS. 1 and 2) after conducting the 
process (step S4) relative to the feature. APIM 22 is con- 
trolled by a second measurer 148, which may be provided 
as part of correction system 100, or as a part of APIM 22 
that interacts with the rest of correction system 100. As 
with the first measurement (step S2), step S5 may also in- 
clude conversion (under action of measurement model 38 
(FIG. 1)) of the raw data measured by second measurer 
148 to establish an outgoing feature dimension. Further- 
more, step S5 may also include measurement adjuster 



142 making adjustments to an outgoing feature dimen- 
sion to address at least one of: any calibration adjust- 
ments necessary on APIM 22 hardware and any external 
reference system, and any outgoing wafer state deviations 
that are not addressed by second measurer 148. The ad- 
justments may be permanent, e.g., for calibration adjust- 
ments, or temporary, e.g., for incoming wafer state devia- 
tions. 

[0055] As illustrated, the invention includes a first measurer 140 
and a second measurer 148 to address those situations 
where two different \M tools 20, 22 are provided on a pro- 
cessing tool 12. Where only one IM tool is provided or de- 
viations between BPIM 20 and APIM 22 are minimal, it may 
be possible to provide only one measurer 140, 148. 

[0056] In step S6, the outgoing feature dimension, possibly ad- 
justed, is compared to the target structure dimension by 
comparator 144, producing an output that indicates any 
deviation. A deviation at this stage may indicate a number 
of situations. First, it may indicate that APIM 22 has been 
affected by upstream processes. Metrology deviations 
might come from hardware replacement or differences 
between metrology tools. Second, it may indicate that 
process model 34 is inadequate to attain the target struc- 



ture dimension and tliat an adjustment of process model 
34 by a process model adjustment 36 is required. This 
may be the case, for example, where the process chamber 
of processing tool 12 has changed in some fashion, e.g., 
after cleaning, or where the process itself accidentally 
varies. Finally, it may also indicate that some upstream 
processing is causing an error such as wafer state devia- 
tions, which may affect BPIM 20 or which cause another 
discrepancy between the incoming feature dimension and 
the masking feature dimensions. Deviations in incoming 
wafer state can come from product differences, material 
changes, previous process equipment deviations in pro- 
cessing, and across wafer uniformity changes. Changes in 
wafer state can directly impact the measurement or can 
cause a difference between the incoming feature dimen- 
sion and the masking feature dimension. In any case, it is 
important to separate process equipment deviations, 
wafer state properties deviations and metrology devia- 
tions so that the correct adjustment can be made. 
[0057] In order to address this problem, at step S7, an origin of 
any deviation of the outgoing feature dimension from the 
target dimension is determined by deviation origin deter- 
minator 150. That is, correction system 100 decides what 



part of environment 10 (FIG. 1) needs to change to correct 
for the difference. The deviation origin determination can 
tal<e a variety of modes, as will be describe in the follow- 
ing section. 

[0058] In step S8, once the origin of a deviation is determined, 
deviation adjuster 152 adjusts, according to the origin, at 
least one of: 1) BPIM 20 by generating a measurement 
model adjustment 40 that adjusts a measurement model 
38 therefor, 2) APIM 22 by generating a measurement 
model adjustment 40 that adjusts a measurement model 
38 therefor, 3) processing tool 12 via a process model ad- 
justment 36 that adjusts process model 34, 4) any other 
upstream processing tool or measurement tool in a simi- 
lar fashion as l)-3), and/or 5) any combination of the 
above, to correct for any deviation. Hence, the outgoing 
feature dimension is used to determine a deviation, and 
corrective measures may be fed back to correct not just 
processing tool 12, but any other equipment, process or 
wafer state. 

[0059] At this point in processing, any correction that can be ap- 
plied at this particular process station has been com- 
pleted. However, at step S9, if further deviations in each 
lot processed continue to occur, by the process of elimi- 



nation, the deviations are l<nown to be coming from up- 
stream processes tliat change the wafer state thus im- 
pacting the BPII\/I measurement or impacting how the pro- 
cess in process chamber 18 (FIG. 1) acts upon the mea- 
sured feature to produce the outgoing feature. In this 
case, for each lot any additional deviations are corrected 
by feeding back (via link 30 (FIG. 1)) data to upstream 
processes. In this case, at least within each lot, further 
variations wafer-to- wafer in the incoming feature dimen- 
sion may be compensated by feeding forward a process 
model adjustment 36 so that process model 34 can select 
the appropriate reaction condition to achieve the target 
structure dimension. When the next lot comes along, it 
may require a different correction Within this new lot, fur- 
ther variations wafer-to- wafer in the incoming feature di- 
mension are compensated by feeding forward a process 
model adjustment 36 to address the deviation between 
the incoming measurement and the target into the pro- 
cess model which selects the appropriate reaction condi- 
tion to achieve the final target. At some point the correc- 
tion required may become large enough that system 100 
or a user thereof, may suspect something else is drifting, 
in which case the full origin determination can be re- 



peated. Alternatively, the origin determination can be run 
periodically. Additional partitioning to determine the ori- 
gin of a deviation can occur, for example, by using a MRW 
to examine the BPIM or by examining upstream equip- 
ment to find changes such as layer thicknesses or feature 
sidewall slopes, but it is not necessary to determine the 
origin in order to achieve maximum correction of the in- 
coming wafers and to achieve results as close as possible 
to the final target. 
[0060] V. Determination of Deviation Origin: 

[0061] As noted above, the deviation origin determination can 
take a variety of modes, which will now be described in 
more detail. Referring to FIG. 4, a block diagram illustrat- 
ing details of deviation origin determinator 150 is shown. 
In one embodiment, deviation origin determinator 150 in- 
cludes: a process reference wafer (PRW) tester 200, an ori- 
gin determinator 202 and a measurement reference wafer 
(MRW) tester 204. 

[0062] A first mode is referred to herein as a "process reference 
wafer" mode. In this mode, a set of process reference 
wafers 180 are generated. In one embodiment, a process 
reference wafer set includes a set of one of: patterned 
wafers and blanket wafers. The "process reference wafer" 



(hereinafter "PRW") set is generated togetlier, i.e., eacli 
PRW is created on tlie same tool set and at tlie same time 
as tlie other PRWs of a set. As a result, the PRW set pro- 
vides a long-term reference or baseline for a feature di- 
mension for determining an origin of a deviation, as will 
be described below. A desired feature of each PRW is 
measured to generate a "PRW incoming feature dimen- 
sion" baseline. This value is stored for later reference. In 
order to fully characterize the PRW set relative to a given 
process, at least one PRW is run through the process at a 
first point in time to arrive at an "expected PRW outgoing 
feature dimension" for the PRW set, which is determined 
by measuring the feature. If more than one PRW is run, an 
average may be used. At this point, a "baseline reference" 
including an incoming and outgoing PRW feature dimen- 
sion for a PRW set for the given process is known. 
[0063] Turning to FIG. 5, a flow diagram of operation of deviation 
origin determinator 150 (FIG. 2) in the PRW mode will now 
be described. The PRW mode may be entered into periodi- 
cally (perhaps prior to processing of a production wafer 
lot) or in the event that a deviation, above a certain 
threshold limit, is determined to exist in a "production 
wafer," i.e., one meant for actual use, after processing 



(step S6 of FIG. 3). 
[0064] In either case, deviation origin determinator 150, in tlie 
PRW mode, operates to determine the origin of the devia- 
tion as follows: 

[0065] In first step SlOl of FIG. 5, determinator 150 via PRW 
tester 200 directs running another one of the PRW set, 
which has not been through the process before. This PRW 
is referred to herein as the "test PRW," and the running 
occurs at a second, later point in time compared to the 
first point in time. Once complete, at step S102, a test 
PRW outgoing feature dimension for the identical feature 
on the baseline PRW is measured on the test PRW by APIM 
22 under control of PRW tester 200. At step S103, the test 
PRW outgoing feature dimension is compared to the ex- 
pected PRW outgoing feature dimension (based on the 
stored incoming measurement) for the PRW set by com- 
parator 144 to determine whether a deviation exists. If 
there is no deviation between the test PRW outgoing fea- 
ture dimension and the expected PRW outgoing feature 
dimension, i.e., NO at step S103, then a deviation deter- 
mination by origin determinator 202 is that neither the 
process nor APIIVI 22 is the cause of the deviation, i.e., 
"process and APIM OK, adjust incoming measurement" at 



step S104. In other words, since application of the given 
process to the test PRW resulted in the expected PRW out- 
going feature dimension, then the process and the APIM 
measurement are still generating what is expected and 
have not changed. In this case, the origin of the deviation 
must be because the incoming measurement needs ad- 
justment, e.g., an upstream deviation or an IM tool devia- 
tion is the origin of the deviation. For example, if the 
measured dimension is a CD, then the incoming feature 
dimension does not match the masking feature dimen- 
sion. In this event, in one embodiment, deviation origin 
determinator 150 (FIG. 2) would instruct deviation ad- 
juster 152 to adjust the incoming measurement. That is, 
deviation origin determinator 150 (FIG. 2) adjusts the in- 
coming measurement by directing deviation adjuster 152 
(FIG. 1) to generate a measurement model adjustment 40 
to change measurement model 38 by which BRIM 20 takes 
raw measurement data and converts it to a measured di- 
mension. Such an adjustment could be sufficient to com- 
pletely minimize deviation of processed "production 
wafers" from a target dimension. If the dimension is a CD, 
then the adjustment would make the incoming feature di- 
mension and masking feature dimension coordinate. In 



addition to tlie above-described adjustment embodiment 
or in replacement tliereof, it may also be desirable to pro- 
ceed with other analysis to further determine the origin, 
as will be described below relative to FIGS. 6-7. This fur- 
ther processing addressed the chance that an error in 
APIM 22 measurement is exactly balanced by an error in 
the process, although this situation is vanishingly small. 
[0066] If there is a deviation of the test PRW outgoing feature di- 
mension and the expected PRW outgoing feature dimen- 
sion, i.e., YES at step S103, then a deviation determination 
by origin determinator 202 is that the process or APIM 22 
is the cause, i.e., "process or APIM CHANGED" at step 
S105. In this latter case, further analysis (FIGS. 6-7) can 
determine if the deviation is from APIM 22 or the process. 
As will be described further below, if the deviation is 
shown to be from the process by the "measurement refer- 
ence wafer mode," described below, then deviation ad- 
juster 152 (FIG. 1) is directed create an appropriate pro- 
cess model adjustment 36 for process model 34 (FIG. 1) 
for the process, i.e., at step S8 of FIG. 3. If the deviation is 
shown to be from APIM 22, then the deviation adjuster 
152 is directed to create an appropriate measurement 
model adjustment 40 for APIM 22. If the deviation is 



shown to be from a combination of APIM 22, and the pro- 
cess, then deviation adjuster 152 adjusts each according 
to its contribution to the deviation. 

[0067] As an optional step S105, in the case that the PRW mode 
is entered into in response to a production wafer outgoing 
feature dimension deviating from the target structure di- 
mension, deviation origin determinator 150 (FIG. 2) may 
determine whether a PRW deviation (from step S103) is 
equal to a production wafer deviation, at step S106, using 
comparator 144. That is, whether the amount that the test 
PRW deviated from the expected result is the same as the 
deviation of the production wafer from the target struc- 
ture dimension is determined. If the values are equal, de- 
viation origin determinator 150 (FIG. 2) via origin determi- 
nator 202 concludes that the process is the only origin of 
the deviation, and logic then ends. Alternatively, if the 
values are not equal, deviation origin determinator 150 
(FIG. 2) via origin determinator 202 concludes that the 
origin may be the process plus some other thing, e.g., 
BPIM 20, upstream processing, etc. In this case, process- 
ing may proceed with further analysis as indicated in FIGS. 
6 and/or 7, as will be described below. 

[0068] A second mode is referred to herein as a "measurement 



reference wafer" (MRW) mode. Flow diagrams of this mode 
are illustrated in FIGS. 6-7. In this mode, a set of mea- 
surement reference wafers are generated for each inte- 
grated metrology tool, i.e., BPIM 20 and APIM 22 (FIG. 1). 
Each "measurement reference wafer" (hereinafter "MRW") 
has a relevant feature measured by a respective IM tool to 
provide a "measurement baseline," which provides a long- 
term reference or baseline for a feature dimension for de- 
termining an origin of a deviation, as will be described 
below. This value is stored for later reference. This mode 
may be initiated periodically or when other modes, i.e., 
the PRW mode, determines that it should be initiated. For 
example, at step S104 of FIG. 5, in which the origin is de- 
termined to be other than the process, deviation origin 
determinator 150 may initiate the MRW mode. In the MRW 
mode, deviation origin determinator 150 operates to de- 
termine the origin of the deviation as follows:ln step S201, 
the BPIM 20 is tested using the respective MRW set by a 
MRW tester 204 of deviation origin determinator 150. At 
step S202, a determination is made as to whether the 
measurement is accurate by comparing results of the 
measurement test versus the measurement baseline for 
BPIM 20 for the same feature using comparator 144. If YES 



at step S202, deviation origin determinator 150 via origin 
determinator 202 concludes tliat tlie wafer state is tlie 
origin of tlie deviation at step S203, and deviation ad- 
juster 152 (FIG. 2) makes an appropriate adjustment. For 
example, deviation adjuster 152 may direct correction 
system 100 to test upstream equipment or processes. If 
NO at step S202, then deviation origin determinator 150 
via origin determinator 202 concludes that it is BPIM 20 
that is the origin of the deviation, and deviation adjuster 
152 (FIG. 2) generates an appropriate measurement ad- 
justment 40 for measurement model 36 for BPIM 20, 
which converts raw data into a measured dimension, at 
step S204. 

[0069] Alternatively or in combination, APIM 20 may also be 

tested, as shown in FIG. 7. In step S301, APIIVI 22 is tested 
using the respective IVIRW set by IVIRW tester 204. At step 
S302, results of the measurement test versus the mea- 
surement baseline for APIM 22 for the same feature are 
compared using comparator 144. If YES at step S302, de- 
viation origin determinator 150 via origin determinator 
202 concludes that APIM 22 is not the origin at step S303, 
and deviation origin determinator 150 directs analysis of 
some other upstream processing tools. If NO at step S302, 



then deviation origin determinator 150 concludes tliat it 
APIIVI 22 is tlie origin, and deviation adjuster 152 (FIG. 2) 
generates an appropriate measurement model adjustment 
40 for measurement model 36 for APIM 22, at step S304. 
[0070] In addition to the above-described processing for IM tool 
testing, it may also be advantageous to conduct periodic 
testing versus an external reference system, e.g., a CD 
SEM. 

[0071] It should be recognized that each type of reference wafer 
might take a variety of forms. For example, reference 
wafers may be replicas of the wafers used in the actual 
production wafers, but may also be other sorts of wafers. 
For example, if an incoming wafer has a silicon dioxide 
pattern of a certain CD, and the process used to trim the 
feature to the correct masking feature dimension is a 
chemical oxide removal (COR) process, then a reference 
wafer used as the below-described process reference 
wafer may use a blanket TEOS instead of a patterned 
wafer as a PRW. A COR process uses a gaseous mixture of 
hydrofluoric acid (HF) and ammonia (NH^ to etch the sili- 
con dioxide. Etching of a blanket wafer is closely corre- 
lated with the lateral trim of a patterned feature. There- 
fore, it would be advantageous to use a blanket wafer in- 



stead of a patterned wafer to characterize the process. 
[0072] VI. Miscellany 

[0073] Adjustments (i.e., corrections) and how they are fed back 
to a process model 34 and/or a measurement model 38 
can take many forms. In one embodiment, a correction is 
implemented as a simple shift of the measurement/pro- 
cess model by a constant, which is the dictated by the de- 
viation. With regard to measurement model adjustments, 
another way is to use PRWs and MRWs that contain an ar- 
ray of dimensions such that the behavior of an array of di- 
mensions is determined when the PRW or MRW is run 
through the procedure to determine the origin of the de- 
viation. Then, a correction that is dependent on the initial 
size of the dimension can be made. For instance, a cor- 
rection that is of the form "correction value = mx + b" 
could be applied where x is the initial dimension and the 
values of m and b are determined by running PRW, MRW, 
or production wafers. Alternatively even more complex 
equations dependent upon not only the initial dimension, 
but also related dimensions might be applied. In view of 
the foregoing, the form of corrections applied is not lim- 
ited. 

[0074] The above-described invention also provides improve- 



merits relative to the timescale over which corrections are 
applied to the measurement models or process models. In 
particular, as noted above, prior art feedback corrections 
are generally applied on a L2L basis with wafers within the 
lot all receiving the same correction. Since upstream pro- 
cesses often drift gradually, the correction of incoming 
lots from a defined thread of tools is equal to an EMWA of 
the lot deviation. It can be difficult to track and control 
these threads. With wafer- to- wafer measurements such 
an EWMA based feedback is no longer optimum. Accord- 
ing to the invention, however, the feedback for the first 
wafer of each lot is reset to zero, with a feedback correc- 
tion for the remaining wafers that changes by the cumula- 
tive average of the applied correction plus the measured 
deviation. In a more complex alternative, instead of reset- 
ting the initial correction for each lot, it is possible to de- 
vise a hybrid of the prior art, by lot, EWMA method that 
provides an initial guess for the applied correction and 
then modifies that correction by the cumulative average 
described above. 
[0075] VII. Conclusion: 

[0076] The foregoing invention can use a feed-forward correction 
to correct W2W deviations while simultaneously using 



feedback corrections to correct any drift in lot average. 
Furthermore, the errors are correctly attributed to their 
origin on a timescale, which minimizes the errors when 
processing production wafers. The methods can be car- 
ried out on at lease one of: a wafer- by- wafer (W2W) basis; 
a lot-by-lot (L2L) basis; a with-in-wafer (WIW) basis; and 
a with-in-die (WID) basis. 
[0077] In the previous discussion, it will be understood that the 
method steps discussed are performed by a processor, 
such as PL) 114 of system 100, executing instructions of 
program product 122 stored in memory. It is understood 
that the various devices, modules, mechanisms and sys- 
tems described herein may be realized in hardware, soft- 
ware, or a combination of hardware and software, and 
may be compartmentalized other than as shown. They 
may be implemented by any type of computer system or 
other apparatus adapted for carrying out the methods de- 
scribed herein. A typical combination of hardware and 
software could be a general-purpose computer system 
with a computer program that, when loaded and exe- 
cuted, controls the computer system such that it carries 
out the methods described herein. Alternatively, a specific 
use computer, containing specialized hardware for carry- 



ing out one or more of the functional tasks of the inven- 
tion could be utilized. The present invention can also be 
embedded in a computer program product, which com- 
prises all the features enabling the implementation of the 
methods and functions described herein, and which - 
when loaded in a computer system - is able to carry out 
these methods and functions. Computer program, soft- 
ware program, program, program product, or software, in 
the present context mean any expression, in any lan- 
guage, code or notation, of a set of instructions intended 
to cause a system having an information processing capa- 
bility to perform a particular function either directly or af- 
ter the following: (a) conversion to another language, code 
or notation; and/or (b) reproduction in a different material 
form. 

[0078] While this invention has been described in conjunction 
with the specific embodiments outlined above, it is evi- 
dent that many alternatives, modifications and deviations 
will be apparent to those skilled in the art. Accordingly, 
the embodiments of the invention as set forth above are 
intended to be illustrative, not limiting. Various changes 
may be made without departing from the spirit and scope 
of the invention as defined in the following claims. 



